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Abstract
Two male inland bearded dragons (Pogona vitticeps) of 5 and 6 yr of age were presented for anorexia
with and without lethargy, respectively. In both cases, a firm, spherical, and mobile mass, measuring 2
cm in diameter, was palpated in the cranio-medial coelom. Radiographs were unremarkable.
Ultrasonographic evaluation was highly suggestive of cholecystolithiasis. Coeliotomy confirmed the
presence of a markedly enlarged gallbladder containing a cholecystolith in both cases, and
cholecystectomies were performed. Both dragons resumed eating after 1–7 days and were doing
well 3–6 months postoperatively. The gallbladder wall was unremarkable on histology, and the choleliths
were composed of protein and calcium carbonate crystals. Cholecystolithiasis in bearded dragons has
been the subject of very few case reports, probably due to its low occurrence. The lack of available
data on the diagnosis and management may have led to this condition being underdiagnosed in this
species. Ultrasonography was essential to the clinical diagnosis of cholecystolithiasis in our two cases and
should be recommended as part of the diagnostic approach of bearded dragons with cranio-medial
coelomic masses.
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Introduction
In lizards, the gallbladder is attached to the right caudal
pole of the liver and conveys bile from the liver to the
duodenum via a cystic duct (Hernandez-Divers and
Cooper, 2005). Bile is stored in the gallbladder and plays
important roles in the digestion, absorption, and excretion
of fat (Haslewood, 1967). In inland bearded dragons
(Pogona vitticeps), the gallbladder is easily identified on
ultrasonography as a thin-walled, round structure on the
right caudal border of the liver (Bucy et al., 2015). In a
study of 42 healthy bearded dragons, the median longitu-
dinal and transverse diameters of the gallbladder were 1.05
cm (range: 0.43–2.04 cm) and 0.56 cm (range: 0.23–1.40
cm), respectively (Wachsmann, 2010). The gallbladder
content varies from strictly anechoic (Wachsmann, 2010;
Bucy et al., 2015) to anechoic with well-formed intralumi-
nal debris or dependent sediment (Bucy et al., 2015).
Postmortem evaluation was necessary to identify irreg-
ular gallbladder contents such as sludge and choleliths in
eight of nine adult bearded dragons in a previous study,
whereas the antemortem sonographic evaluation revealed a
gallbladder cholelith in only one individual (Gimmel et al.,
2017). Cholecystolith was present in 6 of 9 cases, sludge in 3
of 9 cases, and both cholecystolith and sludge in 1 of 9
cases. In these cases, composition of the gallbladder
content was variable, including calcium carbonate and
protein-based material. Wild bearded dragons are reported
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as requiring a balanced insectivorous and herbivorous diet
(Oonincx et al., 2015); thus, a high-protein, high-fat insect-
based captive diet was hypothesized to be a predisposing
factor in these cases. In reptiles, known etiological causes of
choleliths include metazoan (trematodes) and protozoan
(e.g., Hexamita, Choleoeimeria, Trichomonas) parasitic
infections, probably due to migration from the gastroin-
testinal tract (Divers, 2019).
Information on the diagnosis and treatment of choleli-
thiasis, and in particular cholecystolithiasis, in lizards is
scarce. Surgical removal of choleliths has been reported in
three adult bearded dragons who subsequently successfully
recovered (Ritzman and Garner, 2009; Gimmel et al.,
2017). However, in these cases, the surgical procedure was
not thoroughly described. The purpose of this case series is
to supplement the sparse literature on cholecystolithiasis in
adult bearded dragons with the diagnostic process and
surgical management by total cholecystectomy of two
inland bearded dragons with successful outcomes.
Case Series
Clinical report 1: A 5-yr-old male inland bearded dragon
presented to the Service de médecine zoologique of the
Centre Hospitalier Universitaire Vétérinaire with a 4-day
history of anorexia after 2 wk of dysorexia. The inland
bearded dragon was housed in an exhibit (80 cm 3 44 cm)
with a temperature variation of 24–328C (75.2–89.68F),
measured at the level of the animal. Humidity in the exhibit
was not monitored. The diet was composed of calcium/
multivitamins-supplemented (Repti Calciumt without D3,
Zoo Med Laboratories, San Luis Obispo, CA, USA; Rep-
Calt, Research Labs, Los Gatos, CA, USA) arugula salad
(80% of the diet), mixed vegetables (15%), and frozen-
thawed crickets (5%). On physical examination, an
approximately 2-cm-diameter, firm, spherical, mobile mass
was palpated in the cranial coelom. The remainder of the
physical examination was unremarkable. Differential diag-
noses included digestive impaction (Mans, 2013); neopla-
sia, such as neuroendocrine gastric carcinoma/
somatostatinoma (Ritter et al., 2009) and gallbladder
(Jakab et al., 2011) or hepatic (Griswold, 2001) neoplasms;
and cholelithiasis (Gimmel et al., 2017). Dorsoventral and
lateral whole-body radiography was unremarkable. Diges-
tive impaction was considered unlikely based on the
absence of gas in the intestines or lack of gastric distension.
Blood was collected from the ventral coccygeal vein, and
glucose was measured using a portable blood glucose meter
(AlphaTRAKt 2, Abbott Laboratories, North Chicago,
IL, USA). Glucose concentration (19.9 mmol/L, 360 mg/dl)
was slightly increased compared with reference values for
bearded dragons (7.72–16.2 mmol/L, 139–291 mg/dl [Ell-
man, 1997]; 12.10–19.76 mmol/L, 218–356 mg/dl, in males
[Tamukai et al., 2011]; 5.99–18.48 mmol/L, 108–333 mg/dl
[Klaphake et al., 2018]); however, it remained below
described hyperglycemia reports in cases of somatostati-
nomas in this species (.49.6 mmol/L, 894 mg/dl) (Ritter et
al., 2009).
Ultrasonographic examination with a linear array
transducer 13–18 MHz (ultrasound unit, Toshiba Aplio
400, Toshiba Medical, Markham, ON, Canada) was
performed under sedation by using 3 mg/kg IM alfaxalone
(Alfaxant, 10 mg/ml, Jurox Animal Health, Hunter Valley,
NSW, Australia) in the triceps muscle. The coelomic mass
(1.55 3 2.95 cm) was characterized by a peripheral
hypoechoic band surrounding a hyperechoic center in
comparison with the adjacent, normal hepatic parenchyma
echogenicity (Fig. 1). The ultrasonographic appearance of
the markedly distended gallbladder was highly suggestive
of cholecystolithiasis (Wachsmann, 2010; Bucy et al., 2015;
Gimmel et al., 2017). Although cholecystostomy was
considered, risk of recurrence and function of the
gallbladder was questionable given the severe distension
of the organ. Therefore, cholecystectomy was planned the
following day.
Four hours before induction, the inland bearded dragon
was injected with 1 mg/kg morphine (Morphine LP,
Sandoz Canada, Boucherville, QC, Canada) (Sladky et
al., 2008; Sladky and Mans, 2019), 20 mg/kg ampicillin
(Novo-ampicillin, 250 mg, Novopharm, Toronto, ON,
Canada), and 0.5 mg/kg vitamin K (Veda-K1 injection, 10
mg/ml solution, Vedco, Saint-Joseph, MO, USA) (Kla-
phake et al., 2018). Vitamin K was administered to limit
bleeding from the liver in case of hepatic tissue dissection
(Grant and Neuberger, 1999). Induction was achieved
using an injection of 4.5 mg/kg alfaxalone. All injections
were administered IM in the forelimbs. Isoflurane 2%
(Isoflurane, USP, Fresenius Kabi Animal Health, ON,
Canada) was delivered in 100% oxygen via tight-fitted
facemask 10 min later to allow for intubation. The glottis
Figure 1. Ultrasonographic image of the gallbladder in a
longitudinal plane containing a large cholelith in the inland
bearded dragon (Pogona vitticeps) from clinical report 1. The
gallbladder is markedly distended, measuring 2.95 cm in length
and 1.55 cm in height. The cholelith is characterized by a thick
peripheral hypoechoic band surrounding an irregularly shaped
hyperechoic center, and it occupies the entire lumen of the
gallbladder. Cranial to the gallbladder, normal hepatic
parenchyma can be observed (arrow). The ultrasonographic
examination of the gallbladder was highly suggestive of
cholecystolithiasis.
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was intubated using a 2-mm uncuffed endotracheal tube
(Veterinary Specialty Products, Mission, KS, USA), and
the isoflurane vaporizer was maintained at 2–3% in 100%
oxygen with a 1-L/min flow throughout surgery. The lizard
was placed in dorsal recumbency. A 24-gauge catheter (BD
Insyte-We, Becton Dickinson Infusion Therapy Systems,
Sandy, UT, USA) was placed into the ventral coccygeal
vein and 5 ml/kg/h of lactated Ringer’s solution (Baxter
Corporation, Mississauga, ON, Canada) was administered
IV for the duration of surgery. Heart rate was monitored
via a Doppler flow detector (ultrasonic Doppler flow
detector, model 811-B, Parks Medical Electronics, Aloha,
OR, USA) placed over the heart. Positive pressure–assisted
ventilation was provided as needed, and the end-tidal
concentration of carbon dioxide was monitored using a
capnometer (Microcapt Plus, Oridion, Jerusalem, Israel).
A cloacal thermometer was inserted and secured to the tail
with adhesive bandage. Body temperature was maintained
at approximately 338C (91.48F) during the procedure by
using heating pads and an infrared lamp. The skin over the
ventral coelom was aseptically prepared with alternating
passages of two different concentrations of chlorhexidine
solution (0.05 and 2%). An injection of 2 mg/kg SC
lidocaine (Lurocainet, 20 mg/ml, Vétoquinol, Lavaltrie,
QC, Canada) was administered along the incision site for
local analgesia. A transparent adhesive drape was placed
on the bearded dragon, and the coeliotomy was performed
via an 8-cm cranio-caudal paramedian incision by using a
size 15 scalpel blade and iris scissors. The coelomic wall was
retracted (Lone Star Retractor System, Lone Star Medical
Products, Houston, TX, USA) while carefully avoiding the
ventral abdominal vein. A markedly enlarged and firm
gallbladder displacing the stomach was visualized (Fig. 2).
Blunt dissection was performed with cotton tip applicators,
bipolar electrocautery (SurgitronTM, Ellman International,
New York, NY, USA) and microsurgical scissors to
progressively free the gallbladder from the liver. Moderate
hemorrhage, estimated at 0.1 ml, occurred during the
procedure. Consequently, the fluid rate of administration
was temporarily increased to 10 ml/kg/h. Curved ophthal-
mic mosquito forceps were placed on the bleeding vessel at
the base of the gallbladder, and two simple ligatures were
placed at the base of the gallbladder using polydioxanone
suture (PDS) material (PDS 3.0 and 4.0, Ethicon, Somer-
ville, NJ, USA). Approximately 0.5 ml of bile was aspirated
using a 25-gauge needle attached to a 3-ml syringe to
reduce the pressure inside the gallbladder. Hemostatic
forceps were placed distally to both ligatures, and the bile
duct and adjacent vessels were sectioned proximally to the
forceps using iris scissors. The coelomic incision was closed
in two layers. First, the muscular plane was sutured with
cruciate stitches by using PDS 4.0 and then the skin was
closed with nylon suture (Ethilon 4.0, Ethicon) in an
everting horizontal mattress pattern while carefully avoid-
ing the ventral midline abdominal vein. An injection of 0.2
mg/kg meloxicam (Metacamt, 5 mg/ml, Boehringer-
Ingelheim, Burlington, ON, Canada) was administered
SC at the end of the surgery. Recovery was uneventful and
the lizard started moving within 30 min after discontinuing
isoflurane. The intravenous catheter was removed when the
patient started to move its limbs.
The bearded dragon was discharged the same day with
0.2 mg/kg meloxicam (Metacamt, 1.5 mg/ml, Boehringer-
Ingelheim, Burlington, ON, Canada) PO q 24 h for 5 days,
11 mg/kg tramadol (Tramadol, 50 mg/ml, Summit Veter-
inary Pharmacy, Aurora, ON, Canada) PO q 24 h for 7
days, and 20 mg/kg amoxicillin–clavulanic acid (Clava-
moxt, 125 mg/ml, Zoetis Canada, Kirkland, QC, Canada)
PO q 12 h for 7 days. The bearded dragon resumed feeding
by himself after 7 days. Meanwhile, he was stimulated to
eat every day by its owner.
The excised gallbladder was sectioned in two parts: one
part was frozen and other part was placed in 10% buffered
formaldehyde for histological evaluation. After 15 days, the
fixed gallbladder tissue was embedded in paraffin; sectioned
at 3 lm; stained with hematoxylin, phloxine, and saffron;
and examined by light microscopy by one of the authors
(SL). Edema and fibrosis of the gallbladder wall were
noted. There were no evidence of cellular infiltration or
infection of the gallbladder. Composition analysis on the
frozen part of the cholelith was performed in the
Diagnostics Unit of the Urolith Centre, University of
Guelph, Guelph, ON, Canada. The cholelith was mainly
composed of protein with calcium carbonate crystals and
mineral salts. Upon receipt of the results, arugula salad was
proscribed from the inland bearded dragon’s diet and
replaced by various vegetables, including non-Brassicaceae
leaves such as romaine salad. The dragon was still doing
well 7 months postoperatively.
Clinical report 2: A 6-yr-old male inland bearded dragon
belonging to a zoo collection presented for lethargy and
Figure 2. Perioperative photograph of the retracted distended
gallbladder containing a large cholelith (bottom right) in the
first inland bearded dragon (Pogona vitticeps) (clinical report
1). After paramedian incision, the skin was retracted (green
retractors) revealing a markedly enlarged gallbladder (arrow)
with prominent vasculature. A large and firm cholelith was
palpable within the gallbladder.
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weight loss. The bearded dragon was housed in an exhibit
(120 cm3 120 cm) with a temperature variation of 24–378C
(75.2–98.68F), measured at the level of the animal.
Humidity in the exhibit varied from 40 to 65%, with a
mean of 53%. The diet was composed of calcium/
multivitamins-supplemented (Toronto Zoo Reptile Supple-
ment, with vitamin D3, Scarborough, ON, Canada) mixed
vegetables and greens (82% of the diet), live mealworms
(8% of the diet), and live crickets (10% of the diet). On
physical examination, the inland bearded dragon had
decreased fat stores and muscle mass, and an approxi-
mately 2-cm diameter, firm, spherical, mobile mass was
palpated on midline in the cranial coelom. The remainder
of physical examination was unremarkable. Radiographic
and ultrasonographic findings were similar to the first
clinical report, with the latter highly suggestive of
cholecystolithiasis. Blood was collected from the ventral
coccygeal vein and submitted for complete blood cell
(CBC) count and biochemistry analysis, which were
unremarkable. Polymerase chain reaction test performed
from a cloacal swab yielded a positive result for Agamid
Adenovirus 1 (Research Associates Laboratory, Allen, TX,
USA). Oxyurid eggs visible on more than 80% of
microscopic fields at 3 100 magnification were noted on
fecal parasitology. The bearded dragon received a course of
100 mg/kg fenbendazole (Safe-Guardt, 100 mg/ml, Inter-
vet, Kirkland, QC, Canada) PO every 2 wk for three doses.
Fecal parasitology was negative 5 and 7 wk after treatment
initiation. The inland bearded dragon was moved to the
Wildlife Health Centre to increase the animal’s weight
before surgery. A month later, a fourfold increase of the
lymphocyte count (from 3.33 3 109 cells/L before
fenbendazole treatment initially to 12.20 3 109 cells/L)
was detected on the CBC and was interpreted as a slight
lymphocytosis (0.29–12.00 3 109 cells/L) (Ellman, 1997).
Recheck biochemistry was unremarkable. A course of 10
mg/kg enrofloxacin (Baytrilt, 50 mg/ml, Bayer, Mississau-
ga, ON, Canada) PO q 24 h for 14 days was initiated. The
CBC was unremarkable 4 wk after completion of treatment
(including a lymphocyte count of 3.26 3 109 cells/L). The
patient was deemed fit for surgery once the weight
stabilized after the antibiotic treatment.
Three hours before induction, the inland bearded dragon
was premedicated with 2 mg/kg morphine, 0.5 mg/kg
midazolam (Midazolam, 5 mg/ml, Sandoz Canada), and 20
mg/kg ampicillin IM. Anesthesia was induced with 15 mg/
kg alfaxalone IM, which allowed for endotracheal intuba-
tion with a 2-mm uncuffed endotracheal tube connected to
a circle rebreathing system (Anesthesia WorkStation,
Hallowell EMC, Pittsfield, MA, USA). All injections were
administered IM in the forelimbs. The animal was
maintained on 0.5 to 1% isoflurane delivered in a
combination of 50% oxygen and 50% nitrous oxide with
a combined gas flow of 0.4 L/min. The patient was
mechanically ventilated throughout the procedure. An
intraosseous catheter was placed in the right tibia to
administer a balanced fluid solution (Normosolt-R,
Hospira, Inc., Lake Forest, IL, USA) at a rate of 5 ml/
kg/h. Heart rate was monitored using a Doppler flow
detector placed over the heart. End-tidal carbon dioxide
was monitored using a capnometer (Waveline Pro, DRE
Inc., Louisville, KY, USA), and body temperature was
monitored using a cloacal probe (Waveline Pro). Body
temperature was maintained at approximately 318C
(87.88F) by using a heating surgical table and lamp.
Surgical preparation and draping were performed as
described in the first clinical report. Four centimeters
caudally to the heart, a 5-cm cranio-caudal paramedian
incision was made using a size 15 scalpel blade and
Metzenbaum scissors. Retraction of the coelomic wall was
performed using Weitlaner retractors to enhance visualiza-
tion of the gallbladder. A slightly opacified, fibrinous
membrane covered the gallbladder and the ventral aspect
of the liver, which was dissected using bipolar cautery. A
markedly enlarged gallbladder was visualized. The gall-
bladder was adhered to the caudal aspect of the liver.
Although cholecystostomy and stone removal were con-
sidered, complete cholecystectomy was elected based on
thickening of the gallbladder wall and scant bile leakage
noted upon opening of the coelom. A 30-gauge needle
attached to a 3-ml syringe was used to attempt cholecys-
tocentesis, which yielded 0.2 ml of bile and was unsuccess-
ful in reducing the pressure inside the gallbladder. Smooth
dissection was performed using cotton-tip applicators,
bipolar electrocautery, and microsurgical scissors to
progressively free the gallbladder from the liver. Numerous
small liver fractures occurred due to the presence of marked
adhesions. Absorbable gelatin sponge (Gel Foam, Phar-
macia & Upjohn, Pfizer, Kirkland, QC, Canada) was
placed on fracture sites for hemostasis. Hemorrhage was
estimated at 1 ml throughout the surgery. A simple ligature
with PDS 5.0 was placed at the base of the gallbladder,
which included the major blood vessel. A second simple
ligature was placed on a vessel branching off the main
vessel at the base of the gallbladder. Hemostatic forceps
were placed between the gallbladder and the ligatures
before sectioning of the blood vessel and gallbladder. The
coelomic cavity was rinsed with 40 ml of isotonic saline
(0.9% NaCl, B. Braun Medical Inc., Scarborough, ON,
Canada) and then suctioned. The inland bearded dragon
was ventilated with ambient air without isoflurane while
closing the incision. The abdominal wall was sutured with a
simple continuous suture pattern, and the epidermis was
sutured with an everting horizontal mattress pattern, both
using PDS 4.0. After abdominal wall closure, 1 mg/kg
bupivacaine (Bupivacaine, 5 mg/ml, Sterimax, Oakville,
ON, Canada) was infiltrated between the abdominal wall
and epidermis. Injections of 0.2 mg/kg meloxicam and 0.05
mg/kg flumazenil (Flumazenilt, 0.1 mg/ml, Sandoz Cana-
da) were administered SC at the end of the surgery.
Recovery was uneventful and the bearded dragon resumed
feeding the following day. The inland bearded dragon
received 0.2 mg/kg meloxicam PO q 24 h for 10 days, 2 mg/
kg morphine SC q 24 h for 3 days, and 20 mg/kg
ceftazidime (Fortazt, 100 mg/ml, Fresenius Kabi Animal
Health) SC q 48 h for 8 days. Constipation occurred
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postoperatively and resolved 8 days later after the
administration of a 12-ml saline enema. The bearded
dragon was still doing well, eating well, defecating
regularly, and gaining weight 4 months postoperatively.
After excision, the gallbladder was opened, rinsed with
saline, and placed in 10% buffered formaldehyde. The
cholelith was stored at 48C (39.28F) until submission for
composition analysis. The gallbladder was processed
routinely for histopathology and stained with H&E.
Histological evaluation by one of the authors (CBL)
revealed a mild heterophilic cholecystitis with mild, diffuse,
submucosal edema and focal epithelial hyperplasia. These
changes were suspected to be induced by chronic irritation
from the cholelith. Cholelith analysis revealed carbonates
containing a high amount of calcium.
Discussion
Cholelithiasis, which includes cholecystolithiasis, choled-
ocholithiasis, and cholecystocholedocholithiasis, is one of
the most common gastroenterological conditions in hu-
mans (Pisano et al., 2019), with a reported prevalence of
10–15% in adults (Portincasa et al., 2006). The true
prevalence of choleliths in bearded dragons is currently
unknown. This condition has been reported in seven adult
bearded dragons (one individual in Ritzman and Garner
[2009]; six of nine individuals in Gimmel et al. [2017]), in
addition to the two cases presented herein.
The etiology of cholelithiasis in bearded dragons has yet
to be identified. A potential risk factor predisposing
bearded dragons raised in captivity to cholelithiasis is their
diet (Gimmel et al., 2017). Indeed, a high-protein, high-fat
insect-based diet has been previously hypothesized to
contribute to the formation of cholecystoliths (Gimmel et
al., 2017). Therefore, it is plausible that the high content of
mealworms and crickets, representing almost 20% of the
second inland bearded dragon’s diet, may have contributed
to its cholecystolithiasis. Free-ranging adult bearded
dragons are described as balanced insectivorous and
herbivorous (MacMillen et al., 1989; Oonincx et al.,
2015). The inland bearded dragon of clinical report 1 was
fed a diet containing very few insects. Arugula salad, a
goitrogenic plant, represented 80% of this inland bearded
dragon’s diet. Interestingly, arugula belongs to the Brassi-
caceae family, members of which contain bioactive
phytochemicals such as glucosinolates whose hydrolysis
produces thiocyanate (Fahey et al., 2001; Bennett et al.,
2006; Azarenko et al., 2014; Cavaiuolo and Ferrante,
2014). Thiocyanate is considered a goitrogenic/antithyroid
substance (Chandra, 2010; Lee and Kwon, 2015). A diet
rich in Brassicacae leaves can therefore favor secondary
nutritional hypothyroidism (Halkier and Gershenzon,
2006), a well-known risk factor for the development of
choleliths in humans (Völzke et al., 2005; Laukkarinen et
al., 2012). Excessive intake of goitrogenic plant material,
such as plants belonging to the Brassicaceae family, has
been reported in reptiles as a cause of thyroid hormones
deficiencies (Frye and Dutra, 1974; Donoghue, 2005),
leading to nutritional secondary hypothyroidism (McAr-
thur and Barrows, 2008). It is unknown whether the inland
bearded dragon from clinical report 1 had concurrent
nutritional secondary hypothyroidism. In fact, information
about the clinical presentation of nutritional secondary
hypothyroidism in reptiles is scarce. In chelonians, swelling
at the thoracic inlet, lethargy, and dysorexia are reported
(Frye and Dutra, 1974) and goiter (an enlarged thyroid
gland) can be observed (Donoghue, 2005). In iguanas,
hypothyroidism leads to lethargy, weight gain, obesity,
decreased rate of growth, and increased docility (Griffin,
2006; Kritchevsky, 2014). Both lethargy and dysorexia were
reported in the present case. Because antemortem diagnosis
of hypothyroidism in reptiles is challenging with currently
available tests (Donoghue, 2005; Leineweber et al., 2019),
the hypothesis of nutritional secondary hypothyroidism to
explain the formation of a cholelith could not be tested.
Reference intervals for thyroid-stimulating hormone con-
centration are not established, thereby complicating the
distinction between sick euthyroid syndrome and hypothy-
roidism. Avoiding excessive amounts of goitrogen-contain-
ing plants has been suggested to prevent secondary
nutritional hypothyroidism in reptiles (Kritchevsky, 2014).
Coelomic ultrasonographic examination allowed preop-
erative diagnosis of cholecystolithiasis in both inland
bearded dragons. Most reported cases of cholelithiasis in
bearded dragons were diagnosed perioperatively (Ritzman
and Garner, 2009; Gimmel et al., 2017), whereas only one
case of symptomatic cholelithiasis was diagnosed by
ultrasound (Gimmel et al., 2017). In the two cases presented
here, the ultrasonographic appearance of the gallbladder
was very similar to descriptions of an unaffected gallbladder
available in the literature and contained intraluminal debris
(Bucy et al., 2015). However, in both cases, the gallbladder
was three times larger (approximately 1.5 cm3 3 cm vs. 0.5
cm3 1 cm) than normal (Wachsmann, 2010). Based on this
information, a presumptive diagnosis of cholecystolithiasis
was made. As such, cholecystolithiasis may be underdiag-
nosed in adult bearded dragons, as suggested previously
(Ritzman and Garner, 2009; Gimmel et al., 2017), especially
if gallbladder diameter is not measured during ultrasono-
graphic examination. Radiographic examination failed to
identify cholelithiasis preoperatively in both cases presented
here, similar to previous reports (Ritzman and Garner,
2009; Gimmel et al., 2017). Indeed, the gallbladder per se or
a gallbladder containing a cholelith with or without mineral
content cannot be identified by standard radiography in this
species, especially with radiographic equipment commonly
used for dogs and cats (Wachsmann, 2010). It is unknown
whether other radiographic systems, such as those used for
mammography in women, would provide better sensitivity.
Thus, cholelithiasis cannot be excluded based on the absence
of a mineralized opacity in the cranial coelomic region of a
bearded dragon on radiography. Biochemistry and hema-
tology results obtained in the second case were consistent
with nonspecific inflammation. Of note, hyperglycemia was
only obtained via a glucometer in the first case; however,
this test is not validated in bearded dragons and was elected
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only due to financial constraints. Hyperglycemia diagnosed
using a glucometer overestimated true hyperglycemia in
green sea turtles (Chelonia mydas) in a recent report
(Perrault et al., 2017). The hyperglycemia diagnosed in this
case was considered inconsistent with a somatostatinoma.
Cholecystectomy was elected in both of our inland
bearded dragons to surgically manage cholecystolithiasis.
In bearded dragons, surgical management of cholecystoli-
thiasis has been previously reported in three individuals,
although description of the surgical procedure was not
included for any of the individuals. In our two inland
bearded dragons, cholecystectomy resulted in a favorable
outcome, and both individuals are still doing well 4 and 7
months postsurgery, respectively. In the first reported case,
cholecystolithiasis was diagnosed during exploratory coe-
liotomy. The individual was reportedly still doing well 1 yr
after cholecystostomy. Unfortunately, to our knowledge,
this case has not been published in a peer-reviewed journal
and the surgical technique was not described in detail
(Ritzman and Garner, 2009). The second case was
diagnosed with cholecystolithiasis during ultrasonographic
examination (Gimmel et al., 2017). The surgical method
used to remove the cholelith was not described in the
report. A favorable outcome was reported, but the follow-
up duration was not mentioned. In the last case,
cholecystolithiasis was discovered during surgical manage-
ment of intestinal constipation (Gimmel et al., 2017).
Cholecystectomy was performed and a favorable outcome
was reported, but the follow-up duration was not
mentioned. In human medicine, early cholecystectomy is
considered the gold standard treatment of symptomatic
cholecystolithiasis, especially for patients with acute
cholecystitis (Tazuma et al., 2017). Indeed, when cholecys-
tectomy is not performed during the admission visit for
acute calculous cholelithiasis, mortality in elderly patients,
and probability of cholelithiasis-related readmission rates
(Riall et al., 2010; Loftus et al., 2017), are significantly
higher than in those patients undergoing surgery during the
same admission. Also, in a meta-analysis, high death rates
and cholelithiasis-related complications were reported in
patients with preserved gallbladders (McAlister et al.,
2007). In cats with obstructive cholelithiasis, cholecystec-
tomy, cholecystostomy, and biliary derivation are reported;
cholecystectomy appears to have low morbidity and good
clinical outcome (Eich and Ludwig, 2002).
Antibiotics were administered peri- and postoperatively
in the cases reported here because an infectious etiology
could not be ruled out initially and to prevent postoperative
infections. In human medicine, prophylactic antibiotic
administration significantly decreases postoperative infec-
tion after surgical cholecystectomy (Lippert and Gastinger,
1998). Perioperative cephalosporins are recommended for
surgical interventions involving the biliary tract and in case
of bile spillage (Bratzler et al., 2013). Although pharmaco-
kinetic information is available about ceftazidime in reptiles
(Lawrence et al., 1984), perioperative use other b-lactam
antibiotics may be sufficient as illustrated in the first case of
this report. In retrospect, it is possible that prolonged
postoperative antibiotics were not necessary in these cases
as no biliary tract infection was noted on histology.
To conclude, cholecystolithiasis should be included in the
differential diagnosis of cranial coelomic masses in bearded
dragons. Ultrasonography proved to be very useful for the
diagnosis of cholecystolithiasis in our two inland bearded
dragons, especially size measurements. Total cholecystec-
tomy rather than cholecystostomy was preferred based on
ultrasonographic distension (clinical report 1), gallbladder
wall thickness, and adhesion to the liver during surgery
(clinical report 2). The surgical procedure led to favorable
outcomes in both inland bearded dragons presented here.
Diversification of vegetables in inland bearded dragons’ diet
should be encouraged pending more research on cholelithi-
asis etiology in this species.
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